One and Two Arm Reflectometers  by Chen, Jundong & Wu, Zeju
 Physics Procedia  33 ( 2012 )  1387 – 1394 
1875-3892 © 2012 Published by Elsevier B.V. Selection and/or peer review under responsibility of ICMPBE International Committee.
doi: 10.1016/j.phpro.2012.05.227 
 
2012 International Conference on Medical Physics and Biomedical Engineering  
 
One and Two Arm Reflectometers  
Jundong Chen1, Zeju Wu2 
1Department of Computer, Louisiana Tech University, Ruson, USA 
 orient_chen1978@gmail.com  
2Department of Communication and electronic, Qingdao Technological University, Qingdao , China 
wuzeju@163.com 
 
 
Abstract 
Bridges have traditionally been used to examine small changes in measured quantities.  This is particularly important 
when limited resolution on large scale instruments, or large quantities to be measured,  do not allow examining small 
changes.  Reflectometers may be regarded as bridges, from one point of view.  Both one and two arm reflectometers 
provide high resolution of discontinuities or damage on a cable, even through high levels of attenuation, an area 
where standard reflectometers would not serve.  
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1. Introduction  
The methods of instrumentation in introductory courses focus on bridge methods.  One reason is that it 
is easy to measure small deviations from a zero condition.  Now, with digital methods prevalent, the 
voltage resolution of a measurement will be improved by selecting a low maximum voltage to be 
measured for a given number of bits resolution.  This comparison method is an improvement over 
conventional reflectormeter methods, as a difference signal is used in contrast to an unprocessed signal.  
In a bridge circuit, continuous comparison to the reference arm is made. In Figure 1, the point B is 
continually compared to the point A for the difference voltage.  When RT is made equal to RX, the bridge 
is balanced and the voltage ABV  is reduced to zero.  In contrast, if we sequentially sampled the voltage at 
point A with respect to ground, then the voltage at point B with respect to ground, a change of voltage 
would be observed.  This voltage could be synchronously detected with high precision.  The arm 
containing the two resistors of value R form the reference arm.  The resistors RX and RT form the arm 
which provides information on bridge imbalance.  The bridge provides greatest voltage sensitivity for a 
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relative change of unknown resistance, Rx/R, when all four resistances of the bridge are equal. 
If the voltage between A and ground and between B and ground is examined sequentially, the 
waveform will be as Figure 2.  Since the waveforms are illustrative, and not actual measurements, no 
voltage scale is used. 
The information of the value of impedance mismatch is contained in the envelope of the test signal.  
The envelope detection and DC block illustrate the simple signal processing circuits which facilitate the 
collection of data.  The voltage difference of the locations A and B , when alternatively observed, result in 
an AC voltage.  These circuits isolate the AC signal information and make circuitry simple 
2. Apparatus 
A one arm reflectometer is formed by comparing a signal into a transmission line with that same signal 
into a standard load (matched termination), Figure 3   This is essentially the situation of the Wheatstone 
bridge in which the comparison of two arms is made sequentially, as described above in Figure 1.  The 
voltmeter [VM] measures the voltage of the switched signal at the input of the transmission line and 
dummy load, in alternating sequence.  The test signal is a CW signal.  The frequency of the signal is 
stepped for each measurement on the cable under test.  By rapidly switching between the two lines (the 
line under test [LUT] and the dummy load), a low frequency AC signal is developed. This switching is 
done at each of the CW frequency steps.   If the switching frequency signal is detected (synchronously 
detected or envelope detected), only the voltage variation from the matched case will be observed.  The 
cable impedance magnitude can be larger or smaller than the reference impedance.  Both cases give a 
voltage difference, but a different polarity reflection coefficient.  Observing the polarity as well as the 
voltage magnitude is needed.. 
Just as a Wheatstone bridge is the most sensitive (bridge detector voltage largest) for a relative 
resistance change (dR/R) when all the bridge resistors are equal at balance, so is the one arm bridge most 
sensitive when the reference impedance is the same as the characteristic impedance of the cable being 
tested.  The one arm bridge is simply the two arm bridge displaced or compared at different instances of 
time. 
The authors wish to show the relationship of one and two arm reflectometers and encourage the ready 
application of those principles, particularly in frequency domain reflectometers. 
If the LUT were matched to the generator impedance, then there would be no voltage difference 
between the input voltage to the line and the input voltage to the dummy load.  The dummy load, of 
course, is matched to the generator impedance.  However, reflections on the tested line will create a 
difference signal.  Since small discontinuities on cables result in small reflections, the modulation index of 
the test signal will be small.   Simple filtering will suffice to identify the envelope.  If this difference 
signal is recorded for each of the test frequencies used, then a synthesized echo in the time domain may be 
computed.  The small number of peaks in the curve of Figure 4 leads one to prefer using algorithms such 
as Bretthorst’s [2] program, rather than simply using a fast fourier transform.  Bretthorst provides a 
FORTRAN program for spectral estimation.  MATLAB™ [MathWorks Corporation] provides the Burg 
algorithm for spectral estimation, which also works well.   
This instrumentation  might be regarded as a variant of the Dicke Radiometer, as it uses the principle of 
switching between a test line and a standard load.  However, the purpose and configuration only slightly 
resemble the Dicke circuit [1], whose purpose is to measure radio frequency noise power.   
The reflectometer tested is capable of detecting reflections through moderate attenuation levels.  For 
example, Figure 4  shows the detector voltage from a cable preceded by a 3db attenuator.  The test signal 
suffers 3 db attenuation to get to the reflection site and another 3 db attenuation to return to the point of 
measurement.  This leaves a very small reflected signal component on top of the large applied voltage.   
 Jundong Chen and Zeju Wu /  Physics Procedia  33 ( 2012 )  1387 – 1394 1389
This 6 db round-trip attenuation makes identifying the reflected signal very difficult, just as it does for a 
conventional step type time domain reflectometer signal.  However, the reflection signal is clearly seen in 
Figure 5b, which is the computed reflection location. The system works well for additional attenuation, as 
shown with a 6 db attenuator in Figure 4c, though having a wider estimate of line end. 
After making a parameter (spectrum) estimation as described in the Analysis Section, the location of 
the source of reflection is computed.  In Figure 5a, the location of the discontinuity is identified clearly 
with no attenuation prior to the cable.  Figure 5b shows widening of the estimate of cable position, when 
the cable is preceded with 3 db attenuation.  In Figure 5c, after suffering 6 db of attenuation, the reflection 
location can still be clearly identified.  The demonstration of the functioning with attenuation is to show 
that the method will work through attenuation values that would obscure conventional time domain 
reflectometers.  Further, many cables (such as power cables) exhibit large attenuation values, for which 
these methods provide a solution. 
The probability density is a measure of our belief in the location of the discontinuity.  The location can 
be improved upon, knowing the shape of the signal voltage versus frequency curve to be cosine shaped.  
However, the less restrictive a model that is assumed, the more conservative the result.  An open circuit 
signal voltage versus frequency curve should appear as a cosine curve for voltage versus frequency.  A 
shorted line will exhibit a voltage versus frequency curve that is sine shaped.  Since we do not know the 
terminating impedance on a given cable in advance (generally), the conservative approach is favored.  If 
we were testing for the distance to a known open circuit, the more restrictive assumption is warranted.  
Also, if one knows the length of the cable installed, then the computation of position of the discontinuity 
could take advantage of this prior information.  Again, we took the more conservative approach and 
ignored this information.  Cables that have been heated often exhibit changes of the dielectric constant 
that give misleading distance measurements.  In those cases, one often examines the cables from both 
ends to get a better estimate of mid-cable discontinuities. 
Reflectometry or “closed loop radar” is popularly used in testing cable runs.  In contrast to 
communications cables, power cables use a layer of “semicon”, carbon permeated film.  This film is used 
to smooth out electric fields within the cable.  However, the same material also provides high attenuation 
to testing signals. The method described above allows good location estimates with a limited frequency 
range.  Further, knowledge of the expected attenuation mechanism allows taking this parameter into 
account. 
A two arm bridge, Figure 6,  would be used when a transmission line has both ends of cable available.  
For long cable runs, this is usually not the case.  In power systems, the cable ends are often separated by 
kilometer scale distances.   The methods of the prior section can be applied by providing a separate path 
for the reference signal.  Both transmit and receive ports are available in  the case of a bistatic radar, for 
example.  One example would be a frequency synthesized bistatic radar system.  The attenuation is a 
measure of the transmitted signal amplitude, the phase a measure of relative path delay.  Here, the 
attenuation and phase shift of the reference arm can be adjusted to null the signal from the arm of the 
bridge with the transmission path. 
In the two arm bridge, a separate circuit is provided for the comparison signal, much as in the original 
Wheatstone bridge.  The circuit is also known as an interferometer.  The reference arm provides both 
attenuation and phase shifting, resulting in a voltage to compare to the tested line signal.  The time 
switching is not required, as both paths are simultaneously available for comparison.  For a target object at 
depth (or height) h, horizontal displacement from the antenna pair of d, an echo can be observed.  This 
circuit is shown as an alternate embodiment of the concepts illustrated in the prior section.   
The similarity of the one and two arm bridges is most evident when a drawing of test signal and 
reflected signal, Figure 7.  In Figure 7a, the normalized signal is shown, along with the reflected signal.  
The difference signal is what we measure.  In the two arm reflectometer, Figure 7b, the ability to null the 
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difference signal (or measure the difference signal as a relatively small signal) is provided.    The 
reference arm allows reducing the detector level to avoid saturation or preserve linearity.  The test arm is 
often used for test cells, such as measuring the properties of materials.  We are currently evaluating the 
two arm bridge configuration in a separate study.  It is noted that, at low frequencies, the phase term will 
be small, as only fractional wavelength distances are involved.  Small targets will result in large 
attenuation values of the reference signal to be balanced. In this case, a large value may be chosen, 
observations being made relative to this typical attenuation value. 
3. Results 
To illustrate the principles described, a one arm reflectometer was assembled.  A 51 meter length of 
coaxial cable was tested in the laboratory.  The voltage versus frequency  data  is shown in Fig.4.  Figure 
5 shows the distance information extracted from this data.  These results can be compared favorably to 
commercial reflectometers.  Further, the methods do not suffer from the ad hoc processing often used in 
ultrasonic reflectometers (variable gain versus distance, etc.) used in medical diagnostics.  
The principles for use of the two arm reflectometer are the same as for the one arm reflectometer. In 
the one arm reflectometer, we used a model of a sinusoidal voltage variation with frequency.  This model 
is described in the next section.   
In the two arm reflectometer we used the spatial model of voltage reflection from a target due to two 
orthogonally oriented dipole antennas.  Again, we used the Bayesian algorithms provided by Bretthorst 
[2].   We took the reflected signal magnitude versus antenna array position as the data (voltage versus 
horizontal position).  The model function for the voltage versus position was the product of two dipole 
patterns.   The transmitting dipole antenna pattern times the orthogonal dipole receiving antenna pattern 
was the model.   Actual data is shown in Figure 8.  The target was assumed to be uniform.. 
Computing the probability density of the location of the target, we see the highly localized probability 
for the coin target location in Figure 9.  This corresponds closely to the actual target location. 
4. Analysis method 
The result of the spectral estimation is shown in Figures 4, 5 and 6.  A program is available in 
Bretthorst’s book at his web site.  An estimation of both the decay rate and the delay time can be obtained 
from this signal processing. In conventional spectral analysis, one measures amplitude versus time.  In our 
case, we are measuring amplitude versus frequency.  Thus, a spectral estimate of this data (Figure 4) 
would result in a pseudofrequency as the abcissa of the graph.  In the time domain, the distance between 
sinusoid voltage peaks is the period.   Here, the successive peaks would correspond to a pseudoperiod.  
The pseudoperiod contains the needed information as to the delay of the signal, as the round trip phase 
changes of successive voltage peaks (for a single reflection source) must correspond to 
2)( 12 zz
for  
 2 f / v,                    (2) 
for frequency f, in Hertz and velocity v in m/s. The round trip distance z is a constant for a given 
reflection site.  Thus, for f2 the higher frequency voltage peak, and f1 the adjacent lower frequency 
voltage peak, the distance would be: 
z one way distance= v p , 
 where p is the pseudoperiod 
 = v  ( 12 ff )                          (3) 
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In the time domain, differences in peaks of a wave define its period.  In the frequency domain, peaks 
occur at different frequencies, where units are 1/seconds.  The difference between peaks is called a 
pseudoperiod, as it does not have the time domain unit of seconds.  It is the period on the frequency axis. 
The data collected are dependent on the distance the signal traverses along its path and the frequency 
(in Hz) of the signal.  We wish to know the fit of the data to the model function.  The model of the data 
amplitude is expected to vary sinusoidally as we change the test signal frequency.  We do not restrict the 
model to being either a sine or a cosine, though we earlier stated that an open circuit leads us to predict 
cosine variation.  An open circuit at the cable end gives a high voltage at the cable end.  A short circuit 
would give a voltage minimum.  Here, we do not make that restrictive assumption.   
In our analysis, we preferred to use )( jx  as the independent variable, which corresponds to the signal 
frequency of our test oscillator, as we wanted to use the letter f  for the model function assumed (to be 
consistent with Bretthorst’s notation).  We seek to find the value of pseudopropagation constant, b, in 
order to compute the distance the signal traverses.   
The possible model functions are then combined as:  
3
)]()([
2
)]()([
1 )]()(2sin[)]()(2cos[))(( AjxnbeAjxnbeAjxf
jxmajxma                                    ( 4 )  
This model allows a decaying cosine or sine versus frequency, and a constant value due to diode offset 
or other constant voltage displacement of the curve.  The data, d(j), are the voltage values measured 
versus test oscillator frequency, x(j).  Incidentally, there is no restriction on the data being collected at 
uniform intervals in frequency. If the model with its parameters agrees with the data, then the probability 
that the choice of amplitudes, A1, A2, A3, pseudofrequency b(n), and pseudoattenuation constant, a(m) 
were well chosen.  Some of the parameters, such as amplitudes A1, A2, and A3 are simply nuisance 
parameters, and can be marginalized (integrated out).  The same can be done for the pseudoattenuation 
constant.   
If the model is good, one would expect localization of the probability density at the true site of the 
object.  Since we are constructing the experiment, we know the true position of the object.  This 
information provides an assurance of the usefulness of the method.  
In Bretthorst’s method, a model is chosen for theoretical reasons.  This model is varied by changing 
parameters of the model.  This model is compared to the actual data obtained in the experiment.  Any 
prior information of the nature of the hypothesis is contained in the prior, P(H|I).  This is the probability 
that the hypothesis is true, given ( the symbol | represents “given that”)  the prior information, only.  This 
posterior probability expression is: 
)|(
),|()|(),|(
IDP
IHDPIHPIDHP                                          (5) 
Since the term P(D|I) does not contain the hypothesis, it serves as a scale factor, only.  The term, 
P(D|H,I) is typically a gaussian function, referred to as the Likelihood Function.  If you pick a poor model 
for the waveform sought, the probability density which you compute will not be localized. The analysis is 
telling you that all values of the model parameter are equally good (or poor).  If you have a good model, 
but search for the model’s parameters outside the correct range, the probability density will again give a 
poor estimate of model parameters.  The hardest part of most engineering problems is identifying the 
question.   
The book by Bretthorst is a superb collection of processing examples, all built on the same foundation, 
Bayesian analysis.  I would strongly recommend the book to all engineers as a foundation of experimental 
methods.  Since it can be obtained without cost, there is no reason that all should not be familiar with it.   
5. Conclusion 
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As was suggested, a bridge configuration in reflectometry systems provides the ability to find low 
levels of reflection.  In the one arm form, single port reflectometry can be obtained. In the two arm form, 
two port reflectometry or radar can be obtained.  As illustrated by the examples, no need for narrow pulse 
waveforms or extensive signal processing circuits was required to locate the objects of interest (cable 
length, target location).  
In both the one and two arm reflectometers, a model for the object under test is needed.  In both cases, 
the probability density for the parameter being sought is computed.  In both cases, successful localization 
of a quantity of interest is obtained.   
The better software [2, 3] now available allows easy collection and analysis of the data.  Variants of the 
basic configurations can allow enhancements, such as polarization diversity, as an additional feature [4]. 
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(a)                           (b) 
Figure 1.  (a) Traditional Wheatstone Bridge. (b) Switched Wheatstone Bridge 
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(a)                                                           (b)                                                        (c) 
Figure 2.  (a) Signal at output of switching network  (b) Envelope detection of (a)  (c) Detector signal after DC block. 
  
Figure 3.  One arm reflectometer 
 
Figure 4.  Cable input voltage versus frequency for QUST reflectometer with 3db attenuation inserted. 
 
                                             (a)                                                 (b)                                              (c) 
Figure 5.  (a)  Cable discontinuity location, not using bridge and no attenuation, (b)  Cable discontinuity location with 3db attenuator 
pad providing signal loss. (c) Cable discontinuity location using one arm bridge, 6 db attenuator pad. 
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Figure 6.  Two arm bridge (radar system) 
 
                                                  (a)                                                                           (b) 
Figure 7.  Phasor description of  bridge signals  (a) One arm bridge, (b) Two arm bridge. 
  
Figure 8.  Received signal as antenna array moved in vicinity of target            Figure 9.  Probability density versus position for a 
small coin target. 
